Introduction Acute intramural hematoma resulting from cerebral artery dissection is usually visualized as a region of intermediate signal intensity on T1-weighted images (WI). This often causes problems with distinguishing acute atheromatous lesions from surrounding parenchyma and dissection. The present study aimed to determine whether or not R2* maps generated by the iterative decomposition of water and fat with echo asymmetry and least-squares estimation quantitation sequence (IDEAL IQ) can distinguish cerebral artery dissection more effectively than three-dimensional variable refocusing flip angle TSE T1WI (T1-CUBE) and T2*WI. Methods We reviewed data from nine patients with arterial dissection who were assessed by MR images including R2* maps, T2*WI, T1-CUBE, and 3D time-of-flight (TOF)-MRA. We visually assessed intramural hematomas in each patient as positive (clearly visible susceptibility effect reflecting intramural hematoma as hyperintensity on R2* map and hypointensity on T2*WI), negative (absent intramural hematoma), equivocal (difficult to distinguish between intramural hematoma and other paramagnetic substances such as veins, vessel wall calcification, or hemorrhage) and not evaluable (difficult to determine intramural hematoma due to susceptibility artifacts arising from skull base).
Introduction
Cerebral artery dissection, including carotid and vertebrobasilar artery dissection, is an important cause of stroke. Dissection can spontaneously occur or be associated with trauma. Affected patients can develop neurological deficits from vessel occlusion, subarachnoid hemorrhage, or suffer a mass effect on adjacent structures [1] [2] [3] .
Although digital subtraction angiography (DSA) is the current gold standard of technique for diagnosing cerebral artery dissection, magnetic resonance imaging (MRI) also plays an important role in noninvasively diagnosing of dissection because of its characteristic findings. Segmental luminal irregular narrowing on MR angiography (MRA) images with or without neighboring dilation is frequent and it corresponds to the Bstring sign^or Bpearl and string sign^on conventional angiographic images [2, 3] . Intramural hematoma is more clearly visualized on T1-weighted images (WI) as areas of high intensity in the subacute phase [3] [4] [5] [6] [7] [8] [9] . However, acute intramural hematoma due to dissection usually appears as a region of intermediate signal intensity on T1WI which can often complicate distinguishing arterial dissection from acute atheromatous lesions and surrounding parenchyma [1, 10, 11] .
A new multi-echo reconstruction technique, called R2* mapping, is an algorithm based on the six-point Dixon method that can correct T2* decay and phase errors induced by eddy currents [12] [13] [14] . R2* maps can generate quantitative susceptibility-sensitive images and we speculated that such maps would have the potential to accurately detect acute intramural hematoma.
The present study aims to compare the detectability of acute intramural hematoma associated with cerebral artery dissection among R2* maps, three-dimensional variable refocusing flip angle TSE T1WI (T1-CUBE) and T2*WI. To our knowledge, only two studies have investigated the value of R2* maps for diagnosing disorders of the central nervous system [15, 16] and as far as we can ascertain, this is the first study to assess the ability of R2* maps to accurately diagnose intramural hematoma associated with acute cerebral arterial dissection.
Materials and methods

Patients
A total of 1,127 brain MR examinations were performed for suspected or known stroke between April 2013 and September 2014 in our institution. Among them, 27 examinations of 24 patients were performed with clinically suspected cerebral artery dissection. All consecutive patients were included in this study if they fulfilled the following criteria: (1) evidence of cerebral arterial dissection on computed tomography angiography (CTA) and/or DSA as well as MRI, (2) MR images including R2* maps generated by the iterative decomposition of water and fat with echo asymmetry and least-squares estimation quantitation sequence (IDEAL IQ), T2*WI, T1-CUBE, T2-CUBE, and three dimensional time of flight MRA (3D TOF-MRA), (3) results of these studies performed within 1 week (acute phase) and/or within 1 month (subacute phase) from onset of symptoms. Two examinations of two patients were excluded because of chronic phase (5 and 3 months from onset, respectively), and 13 examinations of 13 patients were excluded because they were no evidence of cerebral artery dissection on MRI, CTA and/or DSA. As a result, 12 examinations of nine patients (5 men and 4 women; mean age, 61 years; range, 39-86 years, Table 1 ) were enrolled in this study. The Institutional Review Board at our hospital approved this study, and written informed consent was waived because of the retrospective design.
Imaging examinations
All MR images were acquired using a Discovery MR750w 3.0T MR system (GE Healthcare, Milwaukee, WI, USA 
Imaging analysis
Intramural hematomas associated with cerebral artery dissection were visually assessed on R2* maps and T2*WI according to consensus of two neuroradiologists (A.K. and Y.S., with 4 and 12 years of experience, respectively, in diagnostic neuroradiology). We categorized the findings as positive (obvious susceptibility effect reflecting intramural hematoma as hyperintense region on R2* map and hypointense region on T2*WI), negative (definite absence of susceptibility effect reflecting intramural hematoma), equivocal (difficult to distinguish between susceptibility effect reflecting intramural hematoma and other paramagnetic substances such as veins, vessel wall calcification or hemorrhage) and not evaluable (difficult to evaluate susceptibility effect reflecting intramural hematoma due to susceptibility artifacts arising from skull base). We also compared the signal intensity of intramural hematomas with the intensity of brain parenchyma on T1-CUBE.
Results
Nine patients enrolled in this study had three lesions in the vertebral artery (VA), two in the vertebral-basilar artery (VB) and one each in the VA-posterior inferior cerebellar artery (PICA), basilar artery (BA), internal carotid artery (ICA), and anterior cerebral artery (ACA) ( Table 1 ). Eight of the nine patients were examined by MRI during the acute phase and the positive findings of the lesions in all of them corresponded to dissected sites on R2* maps (Patients 1-8, Fig. 1 ), whereas T2*WI revealed positive findings only in two of them (Patients 3 and 4, Fig. 1 ). Among six other lesions in six patients, four were difficult to evaluate due to susceptibility artifacts (not evaluable, patients 1, 2, 7, and 8, Fig. 2) , one lesion was difficult to distinguish from other paramagnetic substances (equivocal, patient 5), and the remaining one was negative on T2*WI (patient 6). Five of eight lesions appeared as iso-intense regions on T1-CUBE reflecting acute intramural hematoma (Patients 1, 3, 4, 7, and 8, Figs. 1, and 2), and three high-intensity lesions were discernible during the acute phase (Patients 2, 5, and 6).
Four of the nine patients were assessed by MRI during the subacute phase (patients 6-9). Two lesions were negative and one was equivocal on R2* maps, whereas one was negative and two were not evaluable due to susceptibility artifacts on T2*WI (patients 6-8, Fig. 3 ). One lesion was positive on day 23 on both R2* maps and T2*WI (patient 9). Three of four lesions appeared as high-intensity regions on T1-CUBE reflecting subacute intramural hematoma (Patients 6, 7, and 9, Fig. 3 ) and the remaining one appeared as a region of iso intensity (patient 8).
Discussion
Early diagnosis of cerebral artery dissection is essential because anticoagulation or antithrombotic therapy can help to prevent primary or secondary ischemic events [1] . Although searching for an intimal flap, double lumen and outer vessel wall dilation using high-resolution T2WI, gadoliniumenhanced T1WI including 3D-spoiled gradient-recalled acquisition in the steady state (SPGR), 3D TOF-MRA, or basiparallel anatomic-scanning MRI is important to diagnose acute cerebral artery dissection [3, 4, 9, 17] , distinguishing between acute intramural hematomas and atheromatous lesions using conventional non-enhanced MRI is considered difficult [3, 4, 10, 11] . The present study found that acute intramural hematoma due to cerebral artery dissection could be determined more accurately on R2* maps generated by IDEAL IQ than on T2*WI. Moreover, positive findings reflected susceptibility effects of acute intramural hematoma earlier on R2* maps than on high intensity on T1WI.
Although intramural hematoma is an established pathological finding of cerebral artery dissection, others have indicated that it occurs at a rate of only 32-33.9 % of intracranial vertebrobasilar dissections [3, 10, 11] . One reason may be the time lag from onset of dissection to detection of intramural hematoma because formation of intramural hematoma is a secondary phenomenon of cerebral artery dissection. The other reason is the fact that subacute intramural hematoma is only detectable when it is contains abundant methemoglobin, which has a paramagnetic effect that causes the hematoma to appear as a region of high intensity [3, 10, 11] . That is, intramural hematoma caused by acute dissection is difficult to detect as a region of high intensity because it is often obscured by surrounding tissue that causes it to appear as an iso-intense region on T1WI [3, 10, 11] . According to one previous study, susceptibility-weighted imaging (SWI) with phase maps can help to detect acute intramural hematoma due to vertebral artery dissection [11] . In fact, we have often experienced the susceptibility effects of acute intramural hematomas as regions of prominent low intensity on T2*WI, indicating that they contain abundant deoxyhemoglobin. However, both T2*WI and SWI have the disadvantage that prominent susceptibility artifacts from the skull base interfere with the visualization of intramural hematoma. Quantitative susceptibility mapping has recently been established and it provides better sensitivity and specificity than gradient-echo phase imaging in the detection of hemorrhage [18] [19] [20] . Although quantitative susceptibility mapping might also be useful to detect acute intramural hematoma, commercial software is not universally available and the quality of images in areas close to the skull and vessels remains MR angiography image (a) shows pearl and string sign in left VA (arrow and arrowhead). T1-CUBE (b) and T2-CUBE (c) images show partially obscured flow voids (arrow) in which T1-CUBE shows iso intensity. T2*WI (d) show low intensity and R2* map (e) shows high intensity, reflecting susceptibility effect of acute intramural hematoma of left VA dissection. T1-CUBE three-dimensional variable refocusing flip angle TSE T1WI; T2-CUBE threedimensional variable refocusing flip angle TSE T2WI; T2*WI T2*-weighted image; VA vertebral artery controversial [18] [19] [20] . On the other hand, IDEAL IQ software is commercially available, although it is a kind of vender-specific software. This software can generate quantitative iron images (R2* maps), in-and out-ofphase images, water and fat images and fat fraction maps from a single scan within a short acquisition time [12] [13] [14] . We supposed that the technical aspects of IDEAL IQ, especially short multi-echo chemical shiftbased acquisition, enables slight differences in T2* decay caused by susceptibility effects to be distinguished on R2* maps. Such differences can then be visualized using image contrast and then acute intramural hematoma can be differentiated from atheromatous lesions, susceptibility artifacts arising from the skull base, neighboring intracranial vessels and vessel-wall calcifications. Further studies of larger samples are needed to determine the optimal scanning parameters for visualizing both the normal brain and pathological states such as cerebral artery dissection on R2* maps. Acute intramural hematomas including chronological changes also require quantitative evaluation on R2* maps.
Meanwhile, it will be difficult to detect direct findings of cerebral artery dissection such as intimal flap and double lumen sign on R2* map to date, considering its spatial resolution. Side-by-side evaluation between 3D-TOF MRA and R2* map will also be needed to assess accurate location and range of dissection. In addition, we cannot have concluded whether R2* map will replace T2*WI or not because of its parenchymal image contrast as previously mentioned. Therefore, we believe that R2* map is a useful MR sequence for early detection of acute intramural hematoma and it complements the other MR sequences such as T1-or T2-CUBE, At lower level, R2* map (f) shows acute intramural hematoma (arrows), whereas T2*WI (e) cannot due to powerful susceptibility artifact from cervical vertebra. BA basilar artery; T1-CUBE three-dimensional variable refocusing flip angle TSE T1WI; T2*WI T2*-weighted image; VA vertebral artery 3D-TOF MRA, and T2*WI for diagnosing acute cerebral artery dissection in the clinical settings.
This retrospective study has several limitations. Firstly, the database did not contain a large number of patients with cerebral artery dissection, and therefore the study cohort was very small. Secondly, a few patients were assessed by DSA, which is considered to be the gold standard for diagnosing cerebral artery dissection. However, DSA is not always used for diagnosis because it is invasive and cannot directly reveal intramural hematoma due to dissection [8, 21] . Thirdly, although a double lumen and enhancement of the wall and septum on contrast-enhanced 3D-SPGR images are suggestive findings for cerebral artery dissection [3] , the patients who underwent contrast-enhanced 3D-SPGR were not included in this study. We consider that further study will be needed to compare R2* map with contrastenhanced 3D-SPGR in patients of acute cerebral artery dissection in the future. 59-year-old female with subacute right VA-BA dissection (29 days after onset). MR angiography image shows right VA occlusion (a), and MR angiography and T1-CUBE (b) show high-intensity area reflecting subacute intramural hematoma (arrow). T2*WI (c) and R2* map (d) show slight intensities due to susceptibility effects of subacute intramural hematoma. These intensities are decreased compared with those at acute phase (Fig. 2c, d ). Intra-arterial DSA at that time shows intimal flap, double lumen, string sign, and occlusion at right VA reflecting dissection (e, f). DSA digital subtraction angiography; T1-CUBE three-dimensional variable refocusing flip angle TSE T1WI; T2*WI T2*-weighted image; VA vertebral artery Conclusion R2* maps generated using IDEAL IQ could be a more useful technique to detect acute intramural hematoma due to cerebral artery dissection more accurately than T2*WI and earlier than T1WI (T1-CUBE).
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